One simple structural change in compound (I), the destruction of its symmetry by its conversion into n-propyl-2-pyridyl disulphide [III, R = C3H7(propyl)-S-S-2-Py], has permitted the demonstration of an important property of the thiol proteinases, the existence of nucleophilic character in the uninterrupted thiol-imidazole interactive systems of their active centres. The reactions of 2-Py-S-S-2-Py (I) with papain and ficin are characterized by striking rate maxima at p H values 3-4 (see Malthouse & Brocklehurst, 1976) , and the three reactive protonic states of the pH-k profile are designated X-XH,. Although the existence of reactive XH, and X H states of these reactions appears t o demonstrate nucleophilic character of the interactive systems, the symmetry of the probe reagent does not permit resolution of one important ambiguity. Jolley & Yankeelov (1972) suggested that it may be necessary for the ion-pair components of such active-centre systems t o be interrupted by a n electrophilic reagent t o release the nucleophilic character of the system. We here report that the reaction of ficin with propyl-S-S-2-Py occurs at the sulphur atom distal from the pyridyl ring, and that this reaction also is characterized by three reactive protonic states, including a striking rate maximum a t p H 3.4. Since the asymmetrical probe reagent possesses only one pyridyl nitrogen atom, it is not possible for both a pyridyl-imidazolium interaction and a n additional activating protonation t o exist simultaneously. High reactivity in the XH2 state of the reaction of ficin with propyl-S-S-2-Py therefore provides compelling evidence for nucleophilic character in the interactive cysteine-histidine system (pK, approx. 4) without the necessity of interruption by a pyridyl-imidazolium interaction. A similar conclusion was reached also for papain (M. Shipton & K. Brocklehurst, 1978) . Development of affinity chromatography for enzyme purification on a large scale has been limited by several factors (Robinson et al., 1972; Nishikawa, 1975) , of which the low enzyme-binding capacity of many affinity adsorbents has perhaps been one of the most important. Low capacity appears t o be a reflection of the low concentration of ligand availability frequently observed. Often less than 1 % of the total ligand content Vol. 6 264 BIOCHEMICAL SOCIETY TRANSACTIONS of adsorbents is available for enzyme binding (Dean et al., 1974; Watson &Dean, 1977) . Low ligand availability combined with affinity ligands of high cost may make the largescale use of an adsorbent prohibitively expensive.
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We have developed affinity adsorbents based on inexpensive ligands that are easily synthesized and have high enzyme-binding capacities. These adsorbents also have the advantage that, should they lose their affinity properties, the matrix material can be regenerated and re-used for the synthesis of fresh adsorbent (Jervis, 1976) .
Adsorbents based on the ligands Blue Dextran 2000 (Stellwagen, 1977) and adenosine 5'-monophosphate (Trayer & Trayer, 1974) were synthesized as follows. Micro-spherical porous silicaceramic beads (SG120,120nm pore diameter, 17pm particlesize;A.E.R.E., Harwell, Didcot, Oxfordshire, U.K.) or porous glass beads (Corning CPGlO, 120nm pore diameter, 74-125pm particle size; BDH Chemicals, Poole, Dorset, U.K.) were amino-alkylated with 3-aminopropyltriethoxysilane (Robinson et al., 1971) .
Blue Dextran 2000 (Pharmacia Fine Chemicals, Uppsala, Sweden) dissolved in water was activated with CNBr (Nishikawa & Bailon, 1975) , adjusted to pH9.0 with 1~-NaHCOJ and added to amino-alkylated ceramic or glass beads (200mg of Blue Dextran activated with 40mg of CNBr/g of beads). The suspension was packed into a column and the activated-Dextran solution was recycled over the beads for 24h at 20°C. The Blue Dextran-coated beads (BD-SG120 or BD-CPG) were washed with 1 M-NaCI, water, acetone and ether and then air-dried. Control adsorbents were made by using Dextran T 2000 (Pharmacia) in place of Blue Dextran.
Poly(acry1ic hydrazide) (Wilchek & Miron, 1974 ) was coupled to amino-alkylated beads as described elsewhere (Jervis, 1976) . AMP was coupled to the hydrazide-coated beads (10-100pmol of AMP/g of beads) through the ribose moiety (Lamedetal., 1973) . The beads (AMP-SG120) were washed and dried as described above.
Both adsorbents were routinely treated with acetic anhydride before use to ensure blocking of free amine or hydrazide groups.
Crude extracts of dogfish (Musfelus canis) skeletal muscle and affinity-purified dogfish M4 isoenzyme of lactate dehydrogenase were prepared as described elsewhere (Anderson & Jervis, 1977) . Table 1 . Saturation of affinity-adsorbent ligands by dogjish lactate dehydrogenase Lactate dehydrogenase was assayed spectrophotometrically at 25°C as described elsewhere (Anderson & Jervis, 1977) . One unit of activity is defined as the amount ofenzyme causing a decrease in A340 of 1 .O in 1 min under the conditions of the assay. The pure enzyme has a specific activity of 830units/mg of protein and mol.wt. 140000. Enzyme solutions were buffered with 5OmM potassium phosphate, pH 7.5, or 25 mM-potassium phosphate, pH 6.0, for incubation with BD-SG120 or AMP-SG120 beads respectively.
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Adsorbent
(pmol/g) BD-SGl20 Adsorbent capacities were determined under batch conditions by incubating 40mg of adsorbent with 2.0ml of buffered enzyme solution in plastic vials. These were mixed by end-over-end tumbling at 4°C for 30min. Results obtained with dogfish lactate dehydrogenase are shown in Table 1 . Both adsorbents removed enzyme from solution under the conditions used. Control adsorbents did not bind enzyme, and the presence of NADH (20,uM) in incubation mixtures prevented enzyme binding to affinity adsorbents. The amount of enzyme removed from solution (EB) and the ligand saturation varied with the amount of enzyme offered (Eo) and the ligand content of the adsorbent ([L,,,,,.] ). As can be seen from both Table 1 and Table 2 , considerable differences in the ligand saturation of the two adsorbents occur. However, similar adsorbent capacities can be achieved by variation of [Llmm.]. Since both adsorbents use the same matrix material, and nonspecific binding does not occur, the observed differences are probably a reflection of the different affinities of the two ligands for the enzyme (Blue Dextran, Ki = 3 p~; AMP, Similarresults have beenobtainedundercolumnconditions. Acolumn(1 S c m x 18cm) containing 12.5g of BD-CPG, [Lrmm.] = 2.4pmoI/g, was loaded with 350ml of crude dogfish muscle extract containing 1.5 pmol of lactate dehydrogenase (equivalent to 5 % of [L,,,. J at a flow rate of 300ml/h and at 20°C. After sample application, the column was washed with 5 column volumes of 50m~-potassium phosphate buffer, pH7.5, and then with ~O O~M -N A D H in the same buffer. All of the lactate dehydrogenase applied to thecolumn was bound by the adsorbent and 95 % of the bound enzyme was eluted by 2 column volumes of NADH solution. These results suggest that higher loadings should be possible with this adsorbent. However, even at only 5 % ligand utilization, only 50g of adsorbent would be required to yield 1.Og of highly purified enzyme per run. This compares with an estimated 500ml of N6-(6-aminohexyl)-AMP-Sepharose required to obtain a similar quantity of enzyme (Kaplan et af. 1974) .
